arrest in mitosis following drug-induced inhibition of spindle microtubule assembly. These identified two trios of nonessential genes in budding yeast, Bub1-3, for budding uninhibited by benzimidazole and Mad1-3, for mitotic arrest deficient. To these has been added Mps1. rapid half recovery time (t 1/2 ) of ‫82-42ف‬ s, presumably
Mad2 and the Checkpoint Are Essential in Metazoans
The original description of the mitotic checkpoint in yeast defined a nonessential pathway invoked only in response to damage. But in metazoans, the checkpoint has evolved into an essential feature of normal mitoses and meioses. Microinjection of antibodies to Mad2 into cultured animal cells first revealed premature anaphase onset and chromosome missegregation (Gorbsky et al., 1998) , presumably by antibody sequestration of Mad2 (and/or Mad2*) away from the kinetochore or the cdc20-APC/C complex. In the whole animal, RNA interference Mad2* and its finite diffusion rate from the last unatAs microtubules attach to kinetochores, Mad2 is no tached kinetochore(s). Once anaphase starts in one longer recruited to kinetochores and thus, less oligospindle, however, the other spindle also proceeds to meric Mad2 is generated.
anaphase irrespective of any remaining unattached kiAlthough this model is attractive, we should emphanetochores. size that no in vivo evidence yet supports it. First, no Beyond Mad2* deactivation, a controversy exists as checkpoint-dependent Mad2 oligomer generation has to whether silencing of the signal generator is due to yet been identified in vivo. Second, the composition of microtubule attachment to kinetochores or the subseMad2* may not be so simple as the oligomer model quent tension developed across bi-oriented kinetochore posits. Evidence in budding yeast has revealed that pairs. In a meiotic context, using microneedles to manipMad2 binds a number of other spindle checkpoint proulate chromosomes in insect spermatocytes, Li and teins, including Mad3 and Bub3, which are all apparently Nicklas (1995) demonstrated that failure of the Y chrocomplexed with cdc20 (Hardwick et al., 2000) . This implimosome to pair with the X in meiosis I yielded a monocates a larger wait signal complex. Third, although it oriented Y that could stall advance to anaphase, but seems very likely, we do not know if the Mad2 that is anaphase was triggered shortly after mechanical appliturning over at kinetochores represents the conversion cation of tension across the mono-oriented kinetochore. This then led to Nicklas's meiotic error correction model of Mad2 to Mad2*. . Specifically, they demonstrate that spindle poles, i.e., when tension is present (Figure 2) . the zeste-white 10 protein (Zw10) and its binding partBut this model cannot be universal, since other insect ner, rough deal (Rod), both originally discovered in Drospecies manage meiosis normally with mono-oriented sophila and without homologs in yeast, are required for chromosomes. Moreover, in PTK 1 cells, loss of Mad2 activation of the spindle checkpoint in human cells and staining at kinetochores, when the checkpoint is preflies. These proteins have been previously shown to sumed to be off, depends on microtubule attachment, recruit dynein and dynactin to the kinetochore and, upon not tension (Waters et al., 1998) . microtubule attachment, to "stream" along kinetochore The resolution to this controversy arose from a study microtubules to the spindle poles-an attractive mechain maize (Yu et al., 1999) 
